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(54) Tape printing device 

(57) Disclosed is a tape printing device that is capa- 
ble of having set therein any one of a plurality of kinds of 
tape of different widths for performing printing on the set 
tape (T). The device comprises printing means (11) 
having a plurality of heat elements arranged in an array 
along the width of said set tape (T) wherein the plurality 
corresponds to the largest one among said different 
widths. Advancing means (41) are provided for advanc- 
ing said set tape (T) relative to said printing means (1 1). 
Control means (21. 42, 43) are provided.for selectively 
driving said heat elements (1 1a) and for controlling said 
advancing means (41) so as to print dots on said set 
tape (T). The control means (21, 42, 43) is adapted to 
select according to the width of said set tape (T). 
whether the heat elements (1 1a) used for printing a col- 
umn of dots along the width of said set tape are to be 
driven all at once or are to be grouped into a plurality of 
groups and the groups driven sequentially. Such group- 
ing allows printing on a wide tape even if the power sup- 
ply to the printing device has a limited capacity as is the 
case with a battery. 
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Description Fig. 9 

This invention relates a tape printer for printing on a 
tape recording mediun wherein tape recording media of 
a variety of different widths can be set in the printer. 5 

In recent years, printing devices which print on tape Fig. 1 0 

recording media have become very popular. Such tape 
recording media have on their backs an adhesive layer 
which is covered with peel-off tape. After printing, the 
peel-off tape is peeled off and the tape is affixed to a 10 
desired place such as a label. Since this kind of printing 
device (referred to as the tape printer in the present 
specification) must be small and compact the printing 
mechanism used in the printer must also be small. A 
typical tape printer employs a thermal transfer printing is 
mechanism including a frier mal head. 

An object of the present invention is to provide a 
tape printing device capable of printing on narrow tapes 
as well as wide tapes even when powered from a power 
supply of limited capacity. 20 Fig. 14 

This object is achieved with a tape printing device 
as claimed in claim 1. Preferred embodiments are sub- 
ject-matter of the dependent claims. 

Other objects and attainments together with a fuller 
understanding of the invention will become apparent 25 
and appreciated by referring to the following description 
and claims taken in conjunction with the accompanying 
drawings. 



shows the temporal temperature 
change of the heat elements of the 
thermal head when current signals are 
applied to them. 

shows the timing of measurement of 
the temperature during printing. 



Figs. 11A 11C show methods for accelerating the 
stepping motor. 



Fig. 12 



Fig. 13 



shows the relationships between the 
tape width, the thermal head drive, 
and the print speed. 

shows the relationships between the 
tape width, the voltage of the power 
supply, and the print speed: 

shows the pulse width modulation for 
the pulse signals for driving the step- 
ping motor. 



Fig. 1 
Fig. 2 

Fig 3 
Fig. 4 

Fig. 5 
Fig. 6 
Fig 7 

Fig. 8 



shows a perspective view of the tape 
printer according to the present inven- 
tion 

shows an inside view of the tape 
printer according to the present inven- 
tion after the tape cartridge is taken 
out. 

is a schematic diagram showing the 
inside of the tape cartridge. 

is a schematic block diagram showing 
the control system of the tape printer 
according to the present invention. 

is a schematic diagram of the temper- 
ature measuring circuit. 

is a schematic diagram of the voltage 
measuring circuit. 
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is a flow chart of the operation for 
identifying the type of the inserted car- 
tridge and the type of the power sup- 
ply used. 55 

is a flow chart of the operation for con- 
trolling the thermal head drive. 



A detailed description of the present invention for 
controlling the thermal head drive, as applied to a tape 
printer, is given below with reference to the accompany- 
ing drawings. In the drawings, like reference numerals 
refer to the like elements. 

Fig. 1 is an external view of the tape printer of the 
present embodiment A tape printer 1 has a structure 
similar to a conventional tape printer and includes a 
case 2. a keyboard 3 on top of it. and a cover 4 with 
hinges at the rear which opens and closes. A handle 5 
is formed in the front part of case 2. Pushing an open 
button 6 at the center opens cover 4. Cover 4 includes, 
on one side, a window 4a through which a liquid crystal 
display located inside is viewed and another window 4b. 
on the other side, through which a tape cartridge 
inserted in the cartridge compartment is seen (see Fig. 
2)- 

On one side of case 2 are an AC adapter socket 4c 
in the rear and a power switch 4d in the front A battery 
compartment (not shown) is formed inside case 2, and 
batteries can be installed or replaced by opening a back 
cover of case 2. This configuration is the same as the 
conventional tape printer. 

Fig. 2 shows the view as seen when cover 4 is 
opened. When cover 4 is opened, a compartment 8 for 
a tape cartridge 7 formed in case 2 is exposed. At the 
same time a display screen 9a of the liquid crystal dis- 
play 9. placed next to cartridge compartment 8. is also 
exposed. 

First the structure of detachable tape cartridge 7 is 
described with reference to Figs. 2 and 3. The case of 
tape cartridge 7 comprises an upper case 7a and a 
lower case 7b. A through hole tor the thermal head is 
formed through both of the cases. Tape cartridge 7 con- 
tains a roller 72 for tape recording medium T (referred to 
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as tape hereinafter) and a roller 73 for an ink ribbon. It 
also contains a platen roller 74 and a ribbon winding 
roller 75. The tape T rolled out from tape roller 72 runs 
along the path shown as a bold broken line in Fig. 3 and 
exits through an opening 76 on one side of the case. 5 
The ink ribbon R runs along the path shown as a bold 
solid line in Fig. 3 and is laid on top of the tape T at 
platen roller 74. The ink ribbon R passes along the inner 
side of through hole 71 and is wound around ribbon 
winding roller 75. w 

Printing occurs at platen roller 74 where the tape T 
comes to lie on top of the ribbon R. A window 71a is 
formed on the side wall of through hole 71 which feces 
platen roller 74. An axle insertion hole 72a for position- 
ing is formed at the center of tape roller 72; a roller drive is 
axle Insertion hole 74a, at the center of platen roller 74; 
and another roller drive axle insertion hole 75a. at the 
center of ribbon winding roller 75. 

The front surface of tape T is used for printing and 
its back side is coated with an adhesive layer which is 20 
covered with peel-off tape. Thus, one can stick the 
printed tape at any place desired by removing the peel- 
off tape. The printers of the present embodiment are 
designed to accommodate a tape cartridge containing a 
tape of either 6. 9. 12. 18, or 24 mm in width. 25 

Tape cartridge compartment 8 for accommodating 
the tape cartridge has a head unit 12 including a ther- 
mal head 11 therein, an axle 13 for positioning, a platen 
roller drive axle 1 4, and a ribbon roller drive axle 1 5 pro- 
jecting from the bottom of the compartment. When tape so 
cartridge 7 is inserted, the above components mate with 
through hole 71. tape roller axle insertion hole 72a. 
platen roller drive axle insertion hole 74a. and ribbon 
roller drive axle insertion hole 75a. respectively. With 
tape cartridge 7 inserted, heat elements 11a, arranged 35 
in a vertical array on the thermal head surface 1 1 . face 
the tape T and the ribbon R which run on platen roller 74 
through window 71a on tape cartridge insertion through 
hole 71 Thermal head 1 1 can rotate from the print posi- 
tion shown in a solid line in Fig. 3 to the release position 40 
shown in a fictitious outline and vice versa. In the 
present embodiment, when cover 4 is closed, a projec- 
tion 4e formed on the back of cover 4 activates a mech- 
anism (not shown) so that the thermal head moves from 
the release position to the print position shown in the 45 
solid line. Further, pushing open cover button 6 allows 
thermal head 1 1 to move back to the release position. 

Case 2 includes a tape exit 16 which corresponds 
to tape exit 76 on inserted tape cartridge 7. The tape T 
comes out of the printer through both tape exit 76 on the so 
cartridge and tape exit 16 on the case. A cutter (not 
shown) is included at the tape exit 16. where the tape is 
cut when a cutter button 17. arranged behind tape exit 
1 6. is pushed down. The mechanism for the cutter is the 
same as that in the conventional tape printer. 55 

Case 2 also includes a circuit board which controls 
the operation of each component of the printer, a step- 
ping motor which drives the driving members such as 



the platen roller, the ribbon winding roller, etc., and a 
battery compartment as mentioned earlier. 

Next, the control system employed in the printer of 
the present embodiment is described with reference to 
Fig. 4. The heart of the control system is a control circuit 
20. The control circuit comprises a one-chip microcom- 
puter (CPU) 21, a mask ROM 22. and various circuits 
which interface CPU 21 with the peripheral circuits. Key- 
board 3 and liquid crystal display 9 are coupled, directly 
or indirectly through interfaces, to CPU 21 and control- 
led by CPU 21. 

A power switch 4d and a cover status detection 
switch 23 for detecting whether the cover is closed or 
open are connected to the input ports of CPU 21. A dis- 
crimination switch 24 is also connected to CPU 21 . Dis- 
crimination switch 24 is arranged in one of the bottom 
corners of cartridge compartment 8. Discrimination 
switch 24 has three identification switches 24a. 24b, 
and 24c which fit into three tape identification holes 77 
formed on the case of tape cartridge 7. The identifica- 
tion switch generates an "on" signal when the projection 
of the switch is large, while it generates an "off" signal 
when the projection is small. Tape cartridges 7 have dif- 
ferent combinations of tape identification hole depths 
(deep or shallow) which vary according to the width of 
the tape T the tape cartridges contains. Therefore, the 
output of discrimination switch 24 indicates the tape 
width contained in the inserted tape cartridge 7. The 
heat elements of the thermal head are driven differently 
according to the tape width as described below. 

The numeral 25 denotes a power unit. Either an AC 
adapter 26 or a battery 27 supplies the DC power to the 
power unit The input terminals for the DC current are 
the socket 4c. and the power from AC adapter 26 is sup- 
plied by inserting a jack 29. The insertion of jack 29, 
with the aid of break contacts, breaks the connection of 
battery 27 with power unit 25. Socket 4c has another 
contact through which a signal BT is provided to CPU 
21. 

Based on the BT signal, CPU 21 determines 
whether the power is supplied by AC adapter 26 or bat- 
tery 27. The present embodiment employs different 
print controls depending on the power supply type. 

The print density generated by thermal head 1 1 is a 
function of the duration of the current signal provided to 
heat elements 11a. the drive voltage, and the ambient 
temperature. In the present embodiment, a temperature 
measuring circuit 31 and a voltage measuring circuit 32 
measure the ambient temperature and the drive volt- 
age, respectively. The outputs of circuits 31 and 32 are 
provided to analog/digital (A/D) conversion input ports 
AD1 and AD2. respectively CPU 21 converts the input 
voltages into digital values and uses them to control the 
system as shown below. 

Temperature measuring circuit 31 of the present 
embodiment utilizes a thermistor 31a as a temperature 
sensor as shown in Fig. 5. The voltage difference 
between the two terminals of the thermistor is supplied 
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to the A/D conversion input port AD1. The reference 
vortage for the A/D conversion is equal to the driving 
voltage Vcc for the thermistor. As a result, even if the 
voltage drops after switching to the battery operation 
mode, the reference voltage changes accordingly. 5 
Therefore the temperature is measured accurately with 
thermistor 31a regard ess of the variation in battery volt- 
age. 

Voltage measuring circuit 32 shown in Fig. 6 
includes a constant voltage generating circuit 32a which 10 
generates a constant voltage when operating within the 
range of the operation voltages. The generated con- 
stant voltage VO is input to the A/D conversion input port 
AD3 of CPU 21. The reference voltage Vref for the A/D 
conversion is the same as the driving voltage Vcc as is 
mentioned above Even if the voltage of battery 27 
drops and the driving voltage Vcc changes, the power 
supply voltage can be measured accurately by referring 
to the constant voltage V0 applied to input port AD3 and 
adjusting the measured voltage accordingly. Thus the 20 
present embodiment allows for an accurate measure- 
ment of the power supply voltage even when a battery is 
used as the power supply. 

Mask ROM 22 stores various character fonts and is 
coupled to CPU 21 by means of the address bus and 25 
the data bus. Liquid crystal display 9 comprises display 
screen 9a. a driver for display screen 9a. and a driver 
controller for control] rig driver 9b. 

The print mechanism of the printer of the present 
embodiment comprises thermal head 1 1 and stepping 30 
motor 41 as primary mechanical elements. It also 
includes a printer controller 42 and a motor driver 43 as 
primary controlling elements. Thermal head 1 1 of the 
present embodiment has 128 heat elements 11a 
arranged in a vertical array with a fixed interval. The 35 
rotation angle of stepping motor 41 is determined by the 
phases of four driving signals. The tape length 
advanced with a single step of stepping motor 41 can be 
adjusted by a reduction mechanism arranged in the 
case between the stepping motor and the platen roller 40 
drive axle. The tape is advanced by driving stepping 
motor 41 through a fixed number of steps in synchroni- 
zation with the printing of a one-dot column. 

The internal ROM of CPU 21 stores various control 
programs for driving and controlling the peripheral cir- 45 
cuits described above. Executing these programs con- 
trols the operation of the system- 
Next, the printer operation of the present embodi- 
ment is described below. First. Rg. 7 shows a flow chart 
for identifying the type of the operating power supply so 
and the type of the inserted tape cartridge. Once power 
switch 4d is activated (Step ST1 ). the printer determines 
whether the power supply is AC adapter 26 or battery 
27 based upon the signal BT which is the identification 
signal (Step ST2). The results obtained in the above ss 
steps as well as the results to be obtained in the follow- 
ing steps are stored in the working register area of the 
internal RAM of CPU 21 . If the power supply is a battery. 



the printer checks to determine whether the battery is 
installed with the correct polarity (Step ST3). If the 
printer finds that the polarity is wrong, it detects that an 
anomaly has occurred, shuts off the power, and finishes 
the operation (Step ST4). Next the type of inserted tape 
cartridge 7 is determined from the signals of discrimina- 
tion switches (Step ST5). In the present embodiment, 
there are five types of tape cartridges 7 of different 
widths. If a tape cartridge is not found there, a warning 
for abnormal operation is displayed on liquid crystal dis- 
play screen 9a, the power is shut off, and the operation 
ceases (Step ST6). Thus, the type of power supply used 
and the type of inserted cartridge are determined. 

Rg. 8 shows the flow chart for controlling the dura- 
tion of the current signal provided to the heat elements 
of the thermal head depending upon the ambient tem- 
perature of thermal head 11. In the present embodi- 
ment, the ambient temperature of the thermal head is 
measured immediately after power is switched on, and 
the measured temperature is referred to as T-,. When 
the print command is issued, the ambient temperature 
of the thermal head is measured just before the printing 
starts, and this temperature is referred to as T 2 . After 
printing starts, the ambient temperature of thermal head 
1 1 is measured every time a one-dot line is printed, and 
the measured temperature is referred to as T 3 ^ (i is a 
positive integer). As the measured temperature 
changes, the duration of the current signal provided to 
the heat elements of thermal head 1 1 is changed. 

Next, the steps for the signal duration control are 
described below. First, the initialization, described with 
reference to Fig. 7. is performed after the power is 
switched on. Then, the initial temperature T t of thermal 
head 1 1 is measured based on the signal from temper- 
ature measuring circuit 31 (Step ST11) and the opera- 
tion awaits a print command (Step ST12). When the 
print command is issued, the temperature T 2 is meas- 
ured just before printing begins (Step ST13). Next, the 
difference between T t and T 2 is computed and com- 
pared with a predetermined value Ta to determine 
whether the cffference is greater or less than Ta (Step 
ST14). 

Generally, the temperature of the environment does 
not change much between the time the power is 
switched on and the time just before printing begins. 
Typically the temperature difference is less than about 
5°C. Therefore, if. for example. Ta is set at 5°C and if the 
temperature difference is less than Ta. the temperature 
T 2 is considered to be the ambient temperature of ther- 
mal head 1 1 . 

In this case, a loop made with Step ST15 through 
Step ST19 is executed. That is. the pulse duration pro- 
vided to heat elements 1 1a of thermal head 11 is deter- 
mined for the temperature T 2 in order to form printed 
dots of the appropriate density. On each printing, i.e.. on 
each pulse applied to thermal head 1 1; the temperature 
is measured and stored as T 3(i) . If T 3(i) is higher than the 
temperature which indicates the overheating of thermal 
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head 11. the printer detects that an anomaly has 
occurred, aborts the operation, and shuts off the power 
(Step ST18 - ST20). The temperature which defines the 
overheat of the thermal head in steps ST18 and ST28 
described below must be determined so that there can 5 
be no damage to the thermal head; there can be no 
adverse effect to the case or other components near the 
thermal head; ajid there can be no danger of being 
burned even when fingers touch the thermal head. The 
typical preferred temperature is about 70°C. 10 

If the difference between the temperatures T t and 
T 2 is more than Ta, thermal head 1 1 is considered to 
have been heated up in the previous printing operations 
and the ambient temperature is believed to have been 
affected by the heated thermal head. In this case the is 
ambient temperature is set at the initial temperature T, 
and the pulse duration is determined for that tempera- 
ture. In other words, the operation moves to step ST21 
from step ST 14 where the temperature T 2 is stored as 



T 3(o- Then the pulse duration applied to thermal head 20 
1 1 is determined for the initial temperature T, (steps 
ST22 and ST23). Next, the temperature measurement 
is performed (step ST24) and the measured tempera- 
ture is stored asiTg^ (step ST25). 

Thus in the case in which the difference between 25 
temperatures T, and T 2 is larger than Ta, the signal 
duration is determined by the initial temperature T1 - The 
thermal head is heated through repetitive printings and 
may overheat. That is, if the currently measured temper- 
ature Ta^j is higher than the temperature T 3{j) meas- 30 
ured during the previous printing by the predetermined 
temperature T B , thermal head 1 1 must not be heated 
further. The typical value for T B is about 1°C. 

In the present embodiment, rf thermal head 11 
increases in temperature excessively over the previous 35 
printing, the operation moves from step ST26 to step 
ST15, wherein the signal duration to thermal head 1 1 is 
determined for the preprinting temperature T 2 . Typically, 
since the temperature T 2 is higher than the initial tem- 
perature T lt the signal duration determined for T 2 is 40 
smaller than that tor T v As a result, the energy applied 
to thermal head 1 1 is reduced and this prevents the 
thermal head from overheating. 

When thermal head 1 1 overheats after gradually 
accumulating heat on each printing, the operation 45 
detects it from the temperature T 3W in step ST28. 
aborts the printing, and shuts off the power (step ST20). 

In the present embodiment, the initial temperature 
Tj is stored for a specified period of time even after the 
power is shut off (not shown in Fig. 8): The reason for so 
this is as follows: if the power is. switched back on within 
too short a time after being shut off following a series of 
printings, thermal head 11 may not have been cooled 
down sufficiently. Hence the new initial temperature T 1 
measured after the power is on does not represent the 55 
real ambient temperature of thermal head 11. There- 
fore, in the present embodiment the initial temperature 
Tj is stored for a specified period of time after the power 



is shut off during which thermal head 1 1 can sufficiently 
cool down. For this purpose an EPROM may be used as 
a memory means. Thus, when the power is put back on 
within five minutes, for example, the stored temperature 
Tj is used for the new initial temperature (in this case 
the step of measuring the initial temperature may be 
omitted). If the printer has an automatic power shut-off 
feature, the initial temperature can be cleared when the 
power is shut off by this feature. 

The timing for measuring the temperature T 3 ^ dur- 
ing the above control operation is described below. Fig. 
9 shows the temperature change of a heat element of 
thermal head 1 1 when pulses are applied to the thermal 
head. The change depends on the temperature of the 
heat element before the pulse is applied. Therefore, it is 
desirable to measure the temperature immediately after 
the pulse is applied as shown in Fig. 10 in order to con- 
trol the heat generation of the heat element of the ther- 
mal head. 

Printer 1 of the present embodiment can start print- 
ing before the tape speed becomes constant. In other 
words, because the printing begins while the stepping 
motor for tape transportation is being accelerated 
toward the constant print speed, that portion of the tape 
that is normally wasted can now be saved. In the con- 
ventional scheme, when stepping motor 41 starts, it is 
accelerated to a constant speed in several steps to 
avoid an irregular operation as shown in Fig. 11 A. The 
constant speed, referred to as Vp, is a print speed and 
typically 10 mm/sec. The stepping motor, for example, 
receives a signal to start at the time to, and is acceler- 
ated in five steps to reach the print speed of 10 mm/sec 
at the time t 2 when the printing actually starts. Since the 
tape starts running at the time to, the amount of tape 
advanced during the time period between to and t 2 is 
wasted. 

As shown in Fig. 11B, printer 1 of the present 
embodiment starts actual printing at the time tj before 
the constant print speed is reached. The motor speed at 
the time t-| is Vp 1( which is slower than Vp. In the 
present embodiment, after the actual printing starts, the 
acceleration is set lower than that prior to printing so 
that the constant print speed Vp is reached at the time 
t 3 which is later than t 2 . Since the acceleration is set low 
when the actual printing starts, the printed dots are not 
deformed. In other words, the acceleration is set so low 
that the print quality is not degraded. As a result the 
amount of tape advanced before the real printing (time 
t|) is less than that of the conventional scheme and 
hence less amount of paper is wasted in the present 
embodiment. 

The print speed Vp can be higher, for example 15 
mm/sec. than the conventional print speed of 10 
mm/sec. In this case, however, acceleration of the 
motor in five steps may induce an irregular operation of 
the motor, giving rise to a degradation of the print qual- 
ity. A solution to this problem is to increase the number 
of steps, rf the motor is gradually accelerated to the 



;iD: <EP 0682596A2_I_> 



5 



9 



EP 0 882 596 A2 



10 



higher print speed, a long time is required before it 
reaches the print speed. Much paper is wasted. Since 
printing can start whfle the motor is being accelerated in 
the present ernbodtment; it is possible for the motor to 
be accelerated first in the conventional way as shown in 5 
Fig. 11 C. then printing starts at the time t 2 . and the 
motor is accelerated slowly after the time t 2 - This 
scheme results in the same amount of wasted tape as 
the conventional scheme. Thus the present embodi- 
ment allows for faster printing while consuming the w 
same amount of wasted tape at the start of printing as 
does the slower conventional printer. 

Similarly, printing can also occur as the motor is 
decelerating to finish printing. There is no degradation 
of printjquabty if the deceleration during printing is suffi- is 
ciently smaD. 

Next, the print controls of the present embodiment 
during the use of battery 27 as the power source are 
described below. Since a battery has a limited capacity, 
low-power print controls are highly desirable. In the 20 
present embodiment different thermal head drive 
schemes and print speeds (tape speeds) are used for 
different types of tape cartridges 7. 

The thermal head drive scheme for a narrow tape is 
that all dots of the column are printed at the same time. 25 
In the present errtxxJirnertt thermal head 11 has 128 
heat elements 11a arranged in a vertical array and it 
can be used for tapes of up to 24 mm in width. There- 
fore, for a tape of 6 mm in width, the narrowest, only a 
part of the 128 heat elements are used for printing a col- 30 
umn of dots at the same time. For a tape of 24 mm in 
width, however, all the 128 heat elements may be acti- 
vated at the same time. The drive current is proportional 
to the number of heat elements active at any one time. 
Therefore, a higher current is needed to print on a wider 35 
tape. In order to keep the drive current low one can print 
a column of dots either at one time or multiple times 
according to the tape width as shown in Fig. 12. 

For tapes of 6 mm and 9 mm in width, all the neces- 
sary heat elements to print the column of dots are 40 
driven at the same time. However, for tapes of 12 mm 
and 18 mm in width, the number of the heat elements 
necessary to print the column is more, so the elements 
are divided into two groups which are driven alternately. 
For example, in the first run, the odd-numbered of the 45 
128 heat elements counting from the top are activated, 
while, in the next run, the even numbered heat elements 
are activated. For printing on the widest tape of 24 mm 
in width, all the 128 heat elements are used to print the 
column of dots. In this case, the column is printed with so 
three groups of heat elements. In the initial run. the first 
heat element and every third element thereafter are on; 
in the second run. the second heat element and every 
third element thereafter come on; and. in the third run. 
the third heat element and every third element thereat- 55 
ter are on. 

Driving the heat elements in separate groups keeps 
the drive current tow and allows a battery of a limited 



capacity to be used for print control. 

In the present embodiment, the print speed (tape 
speed) is changed according to the tape width as shown 
in Fig. 12. The differences in the print speed reflect the 
differences in the driving scheme of heat elements 11a 
of thermal head 1 1 as described above. The print speed 
for narrower tapes is faster while that for wider tapes is 
slower. In the present embodiment, the print speed for 
the tapes of 6 mm, 9 mm. and 12 mm in width is 15 
mm/sec whereas the print speeds for the tapes of 18 
mm and 24 mm in width are 10 mm/sec and 7 mm/sec, 
respectively. Thus, changing the drive scheme accord- 
ing to the tape width allows the printer to print at the dif- 
ferent and more appropriate print speed as dictated by 
varying conditions. 

Different drive energy may be provided to the ther- 
mal head depending on the tape width. The technique 
of changing the drive scheme according to the tape 
width can also be used when the power is supplied by 
the AC adapter rather than the battery. 

When battery 27 is used for the power supply and 
still has the rated voltage, printing is performed at a 
speed dependent upon the tape width as shown in Fig. 
12. However, when voltage measuring circuit 32 senses 
a drop in battery voltage Vd. the printing operation is 
switched to a low power print mode in which the print 
speed is reduced. 

Fig. 13 shows the print speeds as being dependent 
upon the voltage Vd and the tape width. When the volt- 
age Vd is higher than the switch voltage A; the print 
speeds are the same as shown in Fig. 12. When the 
voltage Vd is lower than A but higher than the value B. 
the highest speed is reduced to 10 mm/sec. When the 
voltage Vd drops further below the value B but stays 
above the operable voltage C. all the speeds are 
reduced to the slowest speed of 7 mm/sec. 

Switching to the low power operations as the bat- 
tery voltage drops prevents the battery from wearing out 
too soon. It also prevents any degradation of the print 
quality due to a fluctuation in the print speed as caused 
by insufficient driving power to the motor and the result- 
ant irregular motor motion. 

In the present embodiment a voltage converter is 
not used for the battery operation, and the source volt- 
age is applied directly to the stepping motor to drive it. 
Excluding a voltage converter thus contributes to saving 
power because there is no power loss there. In this 
case, however, since the battery voltage varies as the 
battery is used, the voltage rating of the motor must be 
set at a value lower than that of a new battery. This rat- 
ing causes a problem when a new battery is used, 
because, in this case, excessive driving energy is 
applied to the motor. 

In order to overcome this drawback, the present 
embodiment monitors the power supply voltage using 
voltage measuring circuit 32. Pulse width modulation, 
depending on the measured voltage, is performed on 
the pulse signals for driving the motor and thus the 
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appropriate drive energy is always applied to the motor. 

An example of the pulse width modulation of the 
motor driving pulse signals is described with reference 
to Fig. 1 4. First, saw-tooth signals b of a fixed period are 
generated as shown in Fig. 14. These signals may be s 
generated by software and the timer included in CPU 
21. Next a threshold voltage a in the figure is deter- 
mined according to the measured voltage. The thresh- 
old is determined every time printing is performed. 
Shifting the threshold voltage changes the pulse width w 
or the duty ratio (Ton/T) of the motor driving pulse sig- 
nals c in the figure. The duty ratio is small when the 
power supply voltage is high, whereas it is large when 
the power supply voltage is low. As a result a constant 
driving energy is supplied to stepping motor 41 . is 

The embodiments mentioned above are examples 
of the applications of the present invention for driving 
the thermal head of a tape printer. It is understood that 
the present invention is also applicable to other types of 
printers than tape printers. 20 

Claims 

1. A tape printing device that is capable of having set 
therein any one of a plurality of kinds of tape of dif- 25 
ferent widths for performing printing on the set tape 
(T). comprising: 

printing means (11) having a plurality of heat 
elements (11a) arranged in an array along the 30 
width of said set tape (T), the plurality corre- 
sponding to the largest one among said differ- 
ent widths, 

advancing means . (41) for advancing said set 
tape (T) at a certain print speed relative to said 35 
printing means (11). 

control means (21, 42. 43) for selectively driv- 
ing said heat elements (11a) and tor controlling 
said advancing means (41) so as to print dots 
on said set tape (T), and 40 
a power supply (25-27), 

wherein said control means (21 , 42, 43) 
is adapted to select, according to the width of 
said set tape (T). whether the heat elements 
(11a) used for printing a column of dots along 45 
the width of said set tape are to be driven all at 
once or are to be grouped into a plurality of 
groups and the groups driven sequentially. 

2. The device according to claim 1 . wherein when said so 
control means (21. 42, 43) selects grouping said 
heat elements (11a). the number of groups is deter- 
mined according to the width of said set tape (T) 
such that the number is larger when said width is 
larger whereas the number is smaller when said ss 
width is smaller. 

3. The device according to claim 1 or 2 wherein said 



control means (21, 42. 43) is adapted to control 
said print speed for a set tape having a first one of 
said different widths to be higher than that of a set 
tape having a second one of said different widths, 
the second width being larger than the first one. 

4. The device according to any one of claims 1 to 3 
further comprising voltage detection means for 
detecting the power supply voltage of said power 
supply (25-27). wherein said control means (21 , 42, 
43) is adapted to control said print speed in accord- 
ance with the width of said set tape (T) and the 
detected power supply voltage. 

5. The device according to claim 4, wherein said con- 
trol means (21, 42, 43) is adapted to reduce said 
print speed from a first value, set when said 
detected power supply voltage is not below a first 
threshold value (A), in at least two steps to a sec- 
ond value when said detected power supply voltage 
is below said first threshold value (A), and a third 
value when said detected power supply voltage is 
below a second threshold value (B) lower than said 
first threshold value. 

6. The device according to claim 5. wherein said third 
value of the print speed is the same for all of said 
different widths. 

7. The device according to claim 4, wherein said con- 
trol means (21 , 42. 43) is adapted 

to reduce said print speed, for a first group of 
said different widths, from a first value, set 
when said detected power supply vortage is not 
below a first threshold value (A), in at least two 
steps to a second value when said detected 
power supply vortage is below said first thresh- 
old value (A), and a third value when said 
detected power supply vortage is below a sec- 
ond threshold value (B) lower than said first 
threshold value, 

to keep, for a second group of said different 
widths, said print speed constant as long as 
said detected power supply voltage is not 
below said second threshold value (B) and to 
reduce said print speed when said detected 
power supply voltage is below said second 
threshold value (B), and 

to maintain, for a third group of said different 
widths, said print speed constant irrespective 
of said detected power supply voltage. 

8, The device according to any one of the preceding 
claims wherein said power supply comprises a bat- 
tery (27). 
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(54) Tape printing device 

(57) Disclosed is a tape printing device that is capa- 
ble of having set therein any one of a plurality of kinds of 
tape of different widths for performing printing on the set 
tape (T). The device comprises printing means (11) 
having a plurality of heat elements arranged in an array 
along the width of said set tape (T) wherein the plurality 
corresponds to the largest one among said different 
widths. Advancing means (41) are provided for advanc- 
ing said set tape (T) relative to said printing means (11). 
Control means (21, 42, 43) are provided tor selectively 
driving said heat elements (1 1a) and for controlling said 
advancing means (41) so as to print dots on said set 
tape (T). The control means (21, 42, 43) is adapted to 
select, according to the width of said set tape (T). 
whether the heat elements (1 1a) used lor printing a col- 
umn of dots along the width of said set tape are to be 
driven all at once or are to be grouped into a plurality of 
groups and the groups driven sequentially Such group- 
ing allows printing on a wide tape even if the power sup- 
ply to the printing device has a limited capacity as is the 
case with a battery. 
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